International Neuropsychiatric Disease Journal

10(3): 1-8, 2017; Article no.INDJ.38721
ISSN: 2321-7235, NLM ID: 101632319

Cerebrospinal Fluid Biomarkers of
Neuroinflammation and Axonal Degeneration in
Patients with Multiple Sclerosis

Mohammed El Sherif”, Ahmed Esmael’ and Ayman Abdallah Elazzouny?

"Department of Neurology, Faculty of Medicine, Mansoura University, Egypt.
Department of Neurology, Misr University for Sciences and Technology, Egypt.

Authors’ contributions

This work was carried out in collaboration between all authors. Author MES designed the study,
performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript.
Authors AE and AAE managed the analyses of the study. Authors MES and AAE managed the

literature searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/INDJ/2017/38721

Editor(s):

(1) Pasquale Striano, Pediatric Neurology and Muscular Diseases Unit, University of Genoa, G. Gaslini Institute, Genova, Italy.
Reviewers:

(1) S. K. Srivats, Anna University, India.

(2) Ondrej Sobek, Czech Republic.

(3) Fernando Gustavo Stelzer, Federal University of Ciéncias da Saude of Porto Alegre, Brazil.

Complete Peer review History: http://www.sciencedomain.org/review-history/22701

Received 9" October 2017
Accepted 1°' January 2018
Published 12" January 2018

Original Research Article

ABSTRACT

Background: Inflammation mediators have important roles in leukocyte recruitment and the central
nervous system (CNS) inflammation and damage. Axonal and neuronal damage are associated with
the level of CNS inflammation and determine physical handicap on multiple sclerosis (MS) patients.
Objectives: On distinguishing and inspect the associations between a group of inflammatory
biomarkers {matrix metalloproteinase 9 (MMP9), neurofilament light chain (NFL), osteopontin
(OPN), and chemokine ligand 13 (CXCL13)} on MS patients.

Patients and Methods: We collected the patients the electronic Mansoura Neurology department
data sheet, and all patients encountered assessment by Expanded Disability Status Scale (EDSS)
at the onset. All patients and control had cerebrospinal fluid (CSF) biomarkers work-up (MMP9,
CXCL13, OPN, and NFL) that measured by ELISA. A correlation statistic matrix was done to
demonstrate the presence of relationships between CSF biomarkers within the MS cases.

Results: The enclosed fifty patients comprising different MS subtypes {relapsing-remitting (RRMS)
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(70%), secondary progressive (SPMS) (22%) and primary progressive (PPMS) (8%)} with the mean
age of 34.61+8.9 years. Healthy controls (HC) were 25. The most common clinical presentations
were sensory manifestations (34%) and optic neuritis (24%). We found that the levels of CXCL13,
NF-L, OPN, and MMP-9 were highly significantly increased among MS patients (P<0.0001,
P<0.0001, P<0.001, and P<0.0001 respectively). The correlations between CSF biomarker levels
showed a highly significant correlation between CXCL13 and MMP-9 followed by OPN and NF-L.
Conclusion: Our results showed that there is a strong association between CSF biomarkers of
inflammation and axonal damage and MS, especially in RRMS patients.

Keywords: Multiple sclerosis; biomarker; expanded disability status scale.

1. INTRODUCTION

Multiple sclerosis (MS) is the most well-known
neurological disease among youth, with onset at
about 30 years (age range from 20 till 40). The
frequency of MS is 1 per 1000 people, and the
proportion of female to male patients is 1-5 to 1.
The MS can be classified into three clinical
subtypes according to the disease course:
relapsing-remitting (RRMS; prevalence 45%),
secondary progressive (SPMS; prevalence 35%),
and primary progressive (PPMS; prevalence
20%) [1].

Up to now, the opinions for many autoimmune
diseases, notably multiple sclerosis (MS), have
yet to be characterized entirely [2]. MS is an
inflammatory illness of the central nervous
system (CNS) which described by a loss of
myelin, gliosis and distinctive degrees of axonal
and oligodendrocyte pathology forming active
plaque [3,4,5,6].

Clinical disease progression results in major
disability in most of MS patients [7]. The disease
progression in MS can't be averted and is hard to
anticipate. Biomarkers are potentially useful for
predicting disease evolution and for the
monitoring of therapy response, outcome in MS
patients. In  many neurological diseases,
cerebrospinal fluid (CSF) is the body fluid of
choice for screening of biomarkers since it is in
close contact with the tissues, and so gives an
exceptional window into existing local
pathological processes [8]. While MRI mainly
displays the terminal stage from the damaging
mechanisms, molecular  biomarkers may
represent the current and accurate mechanisms
and thus are relevant [9]. CSF IgG index and
oligoclonal bands are used as a diagnostic tool
[10]. Nevertheless, there is a lack of biomarkers
for predicting and monitoring the disease
progression to be used clinically [1,11].

The matrix metalloproteinases (MMPs) defined a
group of zinc-dependent endopeptidases which

are essential mediators of the extracellular
matrix. MMPS levels increase by activation of
white blood cells and behave as inflammatory
immune-modulators by promoting leukocyte
penetration into the CNS and moreover assist in
myelin injury by the splitting of extracellular
matrix proteins [12]. The increased CSF levels of
MMPs, especially MMP9, are obvious in a
wide spectrum of neuroinflammatory diseases,
including MS [13,14,15]. In a study of MS
patients with active disease, elevated levels of
MMP9 were observed by ELISA in around half of
the patients, which decreased by natalizumab
[16].

Chemokines are considered one of the important
inflammatory immune-mediators. As, leukocyte
enroliment is closely controlled and participates
in many exchanges among chemokine receptors,
chemokines, and adhesion molecules [17]. In
non-inflammatory neurological diseases, MS
patients, and control volunteers, the CSF B
lymphocytes showed chemokine receptors,
including CXCR5 [18]. Especially, the CXCRS
ligand CXCL13 that found in active MS plaques
and its level was elevated in MS patient's CSF
[19,20,21]. Increased CSF concentrations of
CXCL13 are associated with disease
deteriorations and bad prognosis in RRMS,
whereas high concentrations anticipate the
conversion of the clinically isolated syndrome
(CIS) into definitve MS [22,23]. CSF
concentrations of CXCL13 are furthermore
decreased following the therapy with high-dose
from the methylprednisolone and natalizumab
[24].

Osteopontin (OPN) is an immune-modulator that
implicated in the inflammatory cascade that
happens in MS represents complement factors
and cytokines. It is a pleiotropic cytokine, found
in the majority of tissues and body fluids
participating in  many physiological and
pathological mechanisms such as malignant
transformation, bone mineralization,




inflammation, atherosclerosis, and immunity
[25,26]. It is believed that this pro-inflammatory
cytokine plays a crucial function in the
pathogenesis of MS. So it might be valuable as a
biomarker. Chabas and colleagues stated that
the OPN transcript is sufficiently raised in MS
plaques, and anti-OPN immune-reactivity is
obvious in microglia, astrocytes, macrophages,
and microvascular endothelial cells within the
active plaques [27]. In patients with an RRMS,
CSF OPN levels increased in patients with active
disease, which correlate with biomarkers of
inflammation and tissue damage in the CNS [28].
Khademi and colleagues stated that the elevated
CSF levels of OPN in RRMS patients were
normalized after treatment with natalizumab
[16].

Neurofilament-light chain (NFL) constitutes the
basis to the neurofilament fiber. It is released into
the CSF after axonal and neuronal injury and
denoting the MS disease activity. Assessment of
NFL in the CSF constitutes a valuable biomarker
for the axonal damage. Their levels are
increased after MS relapses and also give
prognostic information [29,30,31]. Considerably,
in MS patients the CSF levels of NFL decreased
within six months of beginning of the natalizumab
treatment, indicating both the usefulness of this
therapy for MS and for follow-up of therapeutic
response [32].

In the present study, we distinguished and
inspected the possible associations between
inflammatory biomarkers (MMP9, CXCL13, OPN,
and NFL) in MS patients.

2. PATIENTS AND METHODS

This study included 50 multiple sclerosis patients
recruited from the Neurology outpatient clinic of
Mansoura Neurology and Neurosurgery Centre
(MNNC) or admitted to the Neurology
Department, Mansoura University Hospital
(MUH) or follow up at Mansoura University
Students Hospital (MUSH), Egypt from June
2013 to May 2014. All enrolled patients had
agreed to participate in the study. All patients
involved in this study were diagnosed clinically
as definite MS, based on Poser et al. [33] criteria
or Paty et al. [34] radiological criteria. The
diagnosis of Secondary progressive MS (SPMS),
Primary progressive MS (PPMS), and Relapsing
Remitting MS (RRMS) was based on Lublin et al.
[35] criteria. The routine laboratory investigations
including CBC, blood glucose level, renal, and
liver functions were within normal. We excluded
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any patient with a previous history of any
neurological or medical diseases.

Also, 25 sex and age-matched healthy
volunteers have selected as controls. None had
a history of neurological, other autoimmune
diseases, chronic illness, or another history of
symptoms indicating demyelinating illness or
family history of MS in any member. All were
subjected to clinical and neurological
examination and underwent a cerebral MRI.
None of them had white matter lesions.

Patients were evaluated clinically using complete
history taking and full neurological evaluation.
We used the electronic Mansoura neurology
department sheet paying concern to the onset,
course, duration of illness, the precipitating
factors, and either in the activity or relapse in
RRMS, in evolution or plateau stage in
secondary progressive MS, early signs and
symptoms (sensory, kinesthetic, visual), family
history of MS, other diseases, current use of
corticosteroids, rehabilitation treatments, using
complementary and alternative remedies.
Expanded disability status scale (EDSS) is a
scale that measures the function and also can
objectively identify and measures the level of
disability and follow-up disease progression or
response to a drug. EDSS evaluates the
disability in eight functional systems, cerebellar,
pyramidal, and sensory, brainstem, bladder, and
bowel, mental, visual, and other functions. It is
10 grades varying from 0, 0.5, 1, and 1.5 until 10.
EDSS score of up to 4.5 signifies to people with
MS who are fully ambulatory. Impairment defines
the score of 5.0 or more in EDSS [36]. All
patients had MRI Brain imaging that was
conducted utilizing a 1.5 T MR machine
(Symphony; Siemens AG Medical Systems,
Forchheim, Germany). The MRI protocol of the
brain: Axial scans were achieved with the patient
supine using the standardized head coil. We
used the ordinary axial T1 weighted classical
spin echo TE (echo time): 14 msec, TR 540
msec. While the Axial T2 weighted was fast spin
echo (TR/TE eff 3600/95; echo train length, 8)
and fluid attenuation inversion recovery (FLAIR)
images were carried in different planes of the
brain (axial, sagittal and coronal) using of the
post-contrast T1 sequence. While for post-
contrast MRI study a dose of 0.1 mmol/kg of
Gadolinium-diethylene-triamine-pentaacetate
(Gd-DTPA) was injected via a slow intravenous
route [37].

All patients and controls had a single CSF
sample that obtained by performing a lumbar



puncture in a supine position at level L4-L5 under
local anesthesia by using a 22 gauge ‘pencil
tipped’ atraumatic needle (Pencan Needle B
Braun) to reduce the risk of a CSF leakage as
much as possible [38]. A 12 ml of CSF was
gathered in an ice bath and centrifuged at 4°C
for 10 min, and the supernatant was frozen and
stored until analysis. Biomarker analyses were
done by enzyme-linked immunosorbent assays

(ELISA) via commercially existing kits for
CXCL13, MMP (Quantikine Human
CXCL13/BLC/BCA-1, MMP9), OPN (R&D
Systems, Abingdon, UK) and NFL (Uman

diagnostics, Umea, Sweden) according to the
manufacturers’ instructions.

2.1 Statistical Analysis

Obtained data were presented as meanzSD,
ranges, numbers, and ratios. For comparability,
we used the Pearson Chi-square. P<0.05 was
regarded as statistically significant. P<0.001 was
considered as highly statistically significant.
Mann-Whitney U test compared CSF biomarkers
with subtypes of MS and healthy controls. The
CSF biomarker levels in patients with MS
correlations were done by Spearman’s rank
correlation analysis. CSF biomarker in subtypes
of MS was compared by Mann-Whitney U test.
The statistical analysis was conducted utilizing

the SPSS (Version 15, 2006; SPSS Inc,,
Chicago, IL, USA) for Windows statistical
package.

3. RESULTS

The study sample included 50 patients; 16 males
and 34 females with the male: female ratio of 1:
2.1 and had a mean age range of 34.6+8.9 years
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old, range: 15-58 years, while healthy control
(HC) included (n=25), eight males and 17
females with the male: female ratio 1:2.1 and had
mean age range 34.2+ 8.7, range: 15-58 years
without statistically significant differences (Table

1).

Disease-related data showed non-significant
(p>0.05) difference between males and females,
apart from the significantly higher frequency of
female patients and male patients were older.
The most common clinical presentations were
sensory manifestations (34%) then optic neuritis
and pyramidal manifestations (24%). The most
common MS subtypes were RRMS (70%)
followed by SPMS (22%) then PPMS (8%). The
mean range of EDSS was 2.2 + 1.5 (Table 2).

All biomarkers levels were higher in MS patients,
as shown in Table 3.

The CSF biomarkers correlated firmly between
the two groups. The first group was CXCL13 and
MMP-9 (r= 0.92, P<0.0001). While, the second
group was OPN and NFL (r=0.53, P=0.0021)
(Table 4).

The inflammatory biomarkers (CXCL13, MMP9,
OPN, and NFL) increased significantly in all MS
subtypes, most markedly in RRMS relapse
patients (P<0.001) with particular importance to
NFL (Table 5).

4. DISCUSSION

We used four different CSF biomarkers that were
selected based on either their vital role as
inflammatory immune-modulators that facilitate
leukocyte entrance into the CNS causing myelin

Table 1. Demographic data of studied patients and healthy controls (HC)

Variable
N=50

Mean * SD (range)
Meanz frequency (if %)

Patients

HC

N=25

Mean * SD (range)
Meanz frequency (if %)

Total
Female
Male

Age (years)

34.6£8.9 (15-58)
34.1% 9.3 (15-55)
33.9 + 9.3 (19-58)

34.2% 8.7 (15-58)
33.1% 9.8 (15-55)
35.9 + 9.1 (19-58)

Gender ratio Male: Female 1:2.1 1:2.1
Male/Female 16/34 8/17

Age by subgroups 10-19 2 (4%) 1 (4%)
20-29 16 (32%) 9 (36%)
30-39 18(36%) 8 (32%)
40-49 10 (20%) 5 (20%)
50-59 4 (8%) 2 (8%)

SD= Standard deviation
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Table 2. Clinical characters of MS patients

Age of onset Total 27 + 7.8 (15-50)
Mean * SD (range) Male 27+ 9.8 (15-50)
Female 26.5 + 9.1 (18-45)
Clinical presentation Sensory 17 (34 %)
Number (Percentage) Optic neuritis 12(24%)
Pyramidal 12(24%)
Brain stem 4 (8%)
Cerebellar 3 (6%)
Spinal cord 2(4%)
EDSS at onset 2.2+ 1.5(0-9)
Mean * SD (range)
Types of MS RRMS 35 (70%)
Number (Percentage) SPMS 11 (22%)
PPMS 4 (8%)

SD= Standard deviation

Table 3. CSF biomarker levels of patients and HC

Biomarker Patients HC Test
Median Range Median Range P-value
CXCL13 (pg/ml) 6.8 3.9-485.2 3.9 3.9-3.9 P<0.0001
MMP-9 (ng/ml) 0.167 0.156-5.757 0.156 0.156-0.156  P<0.0001
OPN (ng/ml) 229.5 45.1-529.2 126.9 76.1-234.9 P<0.001
NF-L (ng/l) 1506.3 268.6-10107.3 413.9 101.0-852.9  P<0.0001
Table 4. Interrelation of CSF biomarkers levels in patients with MS
CXCL13 MMP-9 OPN NF-L
CXCL13 1
MMP-9 r=0.92 (p<0.0001) 1
OPN r=0.13 (p=1) r=0.19 (p=1) 1
NF-L r=0.33 (p=0.2352) r=0.31 (p=0.3991) r=0.53 (p=0.0021) 1

Table 5. CSF biomarkers in subtypes of MS

Variable (Number) CXCL13 MMP-9 OPN NF-L Testing by Mann-Whitney U test.
Control (20) 3.9 0.156 126.9 413.9

RRMS (35) 25 0.61 260 1591 P<0.001

SPMS (11) 10 0.3 219 599 P<0.001

PPMS (4) 3.9 0.35 246 567 P<0.001

damage or considered as a marker of axonal set of
[12,19,20,21,27,29].
degree

injury
considerable

Despite a

of difference, the

MS  biomarkers
concentrations increased compared to cases of
non-inflammatory neurological

stated that the

conditions, in

importance of inflammatory activity seems to be
greatest in MS patients with acute axonal
damage by the measurement of the NFL in the
CSF.

A recent panel of the CSF biomarkers; CXCL13,
IL12p40, and IL-8 has been investigated as
indicating active intrathecal inflammation [21].
This information is in line with the present study,
especially CXCL13 and the previous reports on
that chemokine [19,20,22]. Prior studies into this

contrast to this study [39].

Kuhle and colleagues suggest a beneficial effect
of NFL as a quantitative biomarker in MS
patients for axonal injury and for monitoring the
fingolimod response. This information is in line
with the present study, especially in RRMS [40].

Kivisakk and colleagues stated that their data do
not aid a role for circulating OPN levels as a
biomarker for disease potency in a



heterogeneous clinical manifestation, without
excluding its potential role in the CSF, in control
in a comparative research study such as a
clinical trial, or in concert with other biomarkers.
This information is not in line with the present
study [41] while recently Stilund and colleagues
stated that the biomarker panel including OPN
showed distinctive patterns for each patient
group and could be a useful tool for clinical
diversification of MS subgroups. Especially in
patients with PPMS were revealed to have
significantly  increased levels of both
degenerative and inflammatory markers [42].
This is in line with the present study except for
the most critical MS subtype which was PPMS
while in our study it was RRMS. This may be due
to the small number of PPMS in our research,
and this needs more numbers of PPMS patients’
in the future investigational research.

5. STUDY LIMITATIONS

Regarding the small sample size, the presenting
data are for the MS patients who approved to be
in the study during this period. Regarding the MS
definition criteria, although we used the old
diagnostic criteria these did not affect our results
as it is the same MS patient in old or new criteria.
Regarding the ideas for new researches and
statistics like MS treatments and their potential
impact on the MS biomarkers, these will be in the
future studies. As the patients just started the
medications we cannot assess the responses.
These need long duration, big sample size, good
registry for the patients and their follow up.
These will need another specific study design.

6. CONCLUSIONS

Our results showed that there is a strong
association between CSF biomarkers of
inflammation and axonal damage and MS,
especially in RRMS patients.
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